General materials and methods
All reagents were purchased from commercial suppliers and used as received unless otherwise noted. Acetonitrile was dried by distillation with calcium hydride.
Tetrabutylammonium hexafluorophosphate (n-Bu 4 NPF 6 ) was recrystallized from absolute ethanol. Porphyrin ligands and Ni porphyrins were prepared according to published methods. [1] [2] [3] [4] 1 H NMR spectra were acquired on a Brüker spectrometer operating at 400
MHz. High-resolution mass spectrometric measurements were made on a Brüker Fourier Transform Ion Cyclotron Resonance Mass Spectrometer APEX IV at Peking University.
Electronic absorption spectra were obtained on a Cary 50 spectrophotometer. 5,10,15,20-tetrakis(pentafluorophenyl) porphyrin. To a flask equipped with a magnetic stir bar, 2,3,4,5,6-pentafluorobenzaldehyde (2.9 g, 15 mmol) and pyrrole (1.0 g, 15 mmol) were dissolved in propionic acid (75 mL) at room temperature. The mixture was refluxed for 2.5 h, and was then dried using a rotary evaporator. The resulting dark residue was dissolved in CH 2 Cl 2 , and was washed with saturated aqueous sodium carbonate and water, successively. The organic layer was separated and dried over anhydrous sodium sulfate and evaporated to dryness. The resulting residue was purified by silica-gel column chromatography (hexanes/CH 2 Cl 2 = 15:1 v/v) to afford pure 5,10,15,20-tetrakis(pentafluorophenyl)porphyrin as a purple solid (0.56 g, 15% 
Synthesis of porphyrin ligands and Ni porphyrins

Crystallographic studies
Red diamond shaped crystals of Ni-P (CCDC 1433271) were obtained by slow vapor diffusion of pentane to the dichloromethane solution of Ni-P at −10 °C. A single crystal suitable for X-ray analysis was coated with Paratone-N oil, suspended in a small fiber loop, and placed in a cooled gas stream at 150(2) K on a Bruker D8 Venture X-ray diffractometer. Diffraction intensities were measured using graphite monochromated Mo
Kα radiation (λ = 0.71073 Å). Data collection, indexing, data reduction and final unit cell refinements were carried out using APEX2; [5] absorption corrections were applied using the program SADABS. [6] The structure was solved by direct methods using SHELXS [7] and refined against F 2 on all data by full-matrix least squares with SHELXL, [8] following established refinement strategies. In the crystal structure of Ni-P, all non-hydrogen atoms were refined anisotropically. All hydrogen atoms binding to carbon were included into the model at geometrically calculated positions and refined using a riding model. The isotropic displacement parameters of all hydrogen atoms were fixed to 1.2 times the U value of the atoms they are linked to. Details of the data quality and a summary of the residual values of the refinements are listed in Table S1 .
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Electrochemical studies
All electrochemical experiments were carried out using a CH Instruments (model CHI660D Electrochemical Analyzer) at 20 °C, and the solution was bubbled with N 2 for at least 30 min before analysis. Cyclic voltammograms (CVs) were acquired in 10 mL of dry acetonitrile containing 0.50 mM of catalyst and 0. 
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In which i c is the catalytic current, i p is the peak current without acid, k obs is the observed first-order rate constant in s −1 , R is the universal gas constant, T is the temperature in Kelvin, F is Faraday's constant, and ν is the scan rate in V s −1 .
Stopped-flow experiments
Reduction of Ni-P by NaBH 4 . A 2.3 mg sample of Ni-P was dissolved in 25.00 mL of degassed acetonitrile (9.0×10 −5 M). NaBH 4 (17.0 mg) was dissolved in 100.00 mL of degassed acetonitrile (4.5×10 −3 M). The two solutions were mixed in the stopped-flow instrument by a volume ratio of 1:1 with a simultaneous injection of isovolumetric acetonitrile. The UV-vis spectra were recorded immediately after the mixing. The concentration of Ni-P and NaBH 4 in the measuring cell was estimated to be 2.2×10 −5 M and 1.1×10 −3 M, respectively. As shown in stopped-flow experiments, the 1e reduction of Ni-P by NaBH 4 was similar to the reduction of other Ni complexes by NaBH 4 . [9, 10] Significantly, [Ni-P] − is stable under stopped-flow conditions because no more change was observed in UV-vis after the complete reduction of Ni-P (in about 120 s).
Reaction with acid. Equivolume acetonitrile solutions of Ni-P (9.0×10 −5 M) and NaBH 4 (4.5×10 −3 M) were mixed in the pre-mix cell equipped with the SX20 stopped-flow instrument for quantitative reduction of Ni-P. A freshly prepared acetonitrile solution of TFA (0.090 M) and the pre-mixed solution were then injected and mixed in the cell with a volume ratio of 1:1. The UV-vis spectra were recorded immediately after the mixing. The concentrations of Ni-P, NaBH 4 and TFA in the measuring cell in the stopped-flow instrument were estimated to be 2.2×10 −5 M, 1.1×10
M and 0.045 M, respectively. For using acetic acid as the proton source, the final concentration in the measuring cell in the stopped-flow instrument was estimated to be 0.225 M.
Computational details
The geometry optimization was performed using the density functional theory (DFT) with B3LYP/def-SVP as implemented in the Gaussian 09 software. [11] The energies were then corrected by single point calculations using a larger basis set, def-TZVP for all the atoms. Solvent effect was considered in the single point calculations using the conductor-like polarizable continuum model (CPCM). [12] For the absolute solvation free energy of the proton in acetonitrile, a value of −260.2 kcal mol −1 was used. [13] The reaction energies for acid-base reaction B + HA → A + HB were calculated using 
Thermodynamic analysis
Thermodynamic analysis of HER with nickel and cobalt porphyrins through pathway C and E is shown in Scheme S1 (M = Ni or Co 
Flack parameter 0.004(13) largest diff. peak and hole (e Å -3 ) 0.330 and -0.166 
